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2.
Plan and Object of the Work.
The legumes are especially valuable because of the following
considerations
:
(1) Their large percentages of protein compounds which serve to
:form blood, muscle, bone, and milk, and their consequent feeding
lvalue, which exceeds that of the grasses, corn fodder, corn stover,
or straws. They may be used to supplement these fodders in place of
concentrated nitrogenous feeds, such as bran, cotton seed, linseed,
and gluten meal, etc. Hay from the legumes is tv/ice or more than
twice as rich in protein as that from the grasses.
(2) Their power of gathering large quantities of plant food from
natural sources. Many, if not all, legumes acquire considerable
'quantities of nitrogen from the air. Their roots penetrate deeply
linto the subsoil and thus obtain plant food from depths beyond the
jireach of plants with smaller root development.
II
(3) Their manurial value. When the crop is fed most of the
initrogen, phosphorus, potassium, and other fertilizing ingredients go
into the excrement, liquid and solid, and if preserved make a rich
manure. If the crop is plowed under its plant food, including that
acquired from the air and gathered from, the subsoil, becomes
jiavailable for succeeding crops. The large amount of plant food left
behind in roots and stubble after the rem.oval of the crop furnish a
cheap and valuable store of plant food for following crops.
In this thesis a study was made of two of the most valuable
legumes for agricultural purposes; alfalfa (medicago sativa) and red
clover (trifolium pratense) in accordance with the following plan:-
(l) To determine the comparative amounts of tops and roots in
croi^s of alfalfa and red clover.
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(2) To determine the amounts per acre of nitrogen, phosphorus,
and potassium contained in the tops and roots of alfalfa and red
clover.
(3) To determine at what time of the year spring or fall, the
tops and roots of alfalfa and red clover contain the greatest amounts
per acre of nitrogen, phosphorus, and potassium.
(4) To determine the amounts of these elements contained in
alfalfa and red clover, tops and roots, at different stages of
growth.

Data Regarding the Samples of iiXI dXI Ct n nc u. Clover
.
Number
of
Sample
Place where Sample was
Collected
County Near what Town
Legujne
Tops
or
Roots
Date when
legume
w^as Sown
Date v/hen
Sample was
collected
1904
OA. Grundy Morri s Red Clover Tops Spring '03 May 1-6
25
1
' oo
n
Rock
Island
H »
Buffalo Prairie "
Roots 1
Tops
11 y II 11
II
If
tt
ft It
II ft
1
ftIf n II Roots 1 IH7 n If If It tt
If tt It Tops It ft June 25
4.4. ftIf It n Tops ft ft Sept ,10
n It It Tops If '04 Nov. 2-10
n If It Roots 1 tiy n tt '04 It ft
Q9 Knox Galesburg Alfalfa Tops tt •03 May 1-6
T O If Tt It Roots 1 tiy If If If It ft
!
1
ftIf tt tt Tops ft June 15
Tf tt ft Tops ft Nov. 2-10
1 9 ItIf tt tt Roots 1 tty It ft ft ft
o Fulton Canton Alfalfa Tops ft May 1-6
AD If It It Roots 1 II "J? If ft ft ft
<7
1
M tt H Tops ft Nov. 2-10
oo n tt tt Roots 1 tiy If ft II II
It tt tt Tops ft June 13
Xo n n Red Clover " ft May 1-6
X* n Tt ti Roots 1 11 17 tt tt It ft
15 N It It Roots 1 If 7 If ft Nov. 2-10
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Data Regarding the Samples of Alfalfa and Red Clover,
Number
of
Sample
Place where Sample was
Collected
County Near what Town
Legume
Tops
or
Roots
Date v/hen
1 ft ClJTTlfi^ ^ LAI 11^
was Sown
Date when
SamDTe was
collected
1904
16 Fulton Canton Red Clover Tops Spring *04 Nov 2-10
17 ft It If Roots 1 11 rj \\ tf 11 It 11
30 tf It 11 Tops 11 '03
42 ti It w Tops 11 '03 Ort 1-10
1 McLean Shirley Alfalfa Tops n •01
2 w It It Roots 1 11y 11 11 11 11 11
3 It ti It Tops H If Nov 2-10
4 It It ti Roots 1 IHJffl 11 If 11 11
18 It It Red Clover Tops 11 '03 Mav 1—6
19 It It It Roots 1 itf^n 11 11 11 11
20 Chaimpaign Urbana Alfalfa Tops 11 •01 11 II
21 It II II Roots 1 If rj tt 11 11 It 11
31 It It It Tops 11 •03
32 It It It Roots 1 11 It ti It 11 If
33 tt It n Roots 7 "18" " It
1
tf tf
34 It It Red Clover Tops 11 11 It 11
35 It It It Roots 1 iiy 11 11 It 11 11
1 36 n ti It Roots 7 "IB" " 11 It 11
28 It It It Tops 11 11 June 20

Method of Taking Samples and
Preparing Them for Analyses.
In collecting samples a place was selected that would be
representive of the field from which the sample was chosen. In all
cases the area taken was one square meter, except samples Numbers 28,
31, 32, 33, 34, 35, and 36 where .001 part of an acre was used.
In all cases where a sq. Meter was used the sample v/as taken in
duplicate. The crop was cut at the heighth usually cut by a mowing
machine carefully removed and dried until air dry. The roots v/ere
removed by first digging the soil from one side of the area from
which the roots were to be taken; then by carefully using a flat
spade and cutting the soil at a plane parallel to the surface at the
desired depth. From the particles of soil was taken all roots large
enough to be seen. These v/ere removed at once and washed until all
adhering particles of soil had been removed. They were then air
dried and ground for analysis.
After the tops and roots were thoroughly air dried they were
cut into small pieces with heavy scissors then ground by means of a
grinder used for preparing materials for chemical analyses. After
being ground the sample v/as placed into a quart jar sealed and
properly labeled.

,1 I'
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j
Method Used in Making Chemical Analyses.
Method used for the determination of Nitrogen.
For the determination of nitrogen the Kjeldahl Methos, as
described in Methods of Analysis Bulletin 46, revised edition U.S.
Department of Agriculture, Division of Chemistry, was used. Two
,
grams of material were used in each analysis.
Method used for determination of Phosphorus.
For the determination of phosphorus the following method
I
was used:-
Weigh out two grams of the material in a 25 cc. crucible,
moisten with a 20% solution of ammonium nitrate, place in a i
muffle-furnace and ignite at a low red heat for two hours. Transfer
to a 250 cc. beaker, dissolve in 15 cc. ^ con, hydrochloric acid,
dilute to 40 cc, filter and wash. Evaporate solution to 20 cc,
||
jneutralize with ammonium hydroxide (sp.gr. .96 or ^ con.) and clear
up with a few drops of nitric acid (-|- con), using very little nitric
\
acid. Heat on water bath to 60° C and add 10 cc more or less
j
'(depending on the phosphorus present) of clear ammonium molybdate
solution, stir well and let stand over night. Filter through a 9 c m.
iTilter, wash until free from acid. Place the filter containing the
II
precipitate in the beaker and add standard potassium hydroxide in
jlO cc. portions until the precipitate is dissolved. Titrate the
j'excess of potassium hydroxide with standard nitric acid using
!phenolphthalein as an indicator. i

8Method for the Determination of Potassium.
For the determination of potassium the following method was
I
used:-
j
Ash sample same .as in the determination of phosphorus. Take
up the ash with a small amount of hydrochloric acid warm if much I
carbon remains; remains to beaker with water using 30-40 cc. Add
ammonium hydroxide until slightly more than alkaline. Allow to stand
a few hours (over night if possible) filter into porcelain dishes and
evaporate to dryness. V/hen thoroughly dry ignite to volatilize all
ammonium salts, being careful not to heat to redness. Dissolve the
residue in water (filter if necessary) transfer to platinum dishes
and evaporate to about 15 or 20 cc. Add just enough hydrochloric
acid to make it acid and precipitate v/ith platinum solution, platinum
solution used contains (12.1 grams of H Pt CI in every 10 cc.) and
run down on the water bath to a syrupy consistency. When cool wash
with alcohol {80%) until all excess of platinum solution is washed
out; then if the salt is pure, transfer to filter and wash two or
three times with alcohol. Allow to dry at room temperature.
Dissolve from filter in hot water collecting in weighed dish,
evaporate to dryness and weigh.
Note: If after washing with alcohol, there seems to be
some foreign salt, wash v/ith ammonium chloride solution saturated
with potassium platinic chloride.

9.
In the following pages is given data on alfalfa resulting
from the samples collected and their chemical analyses.
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1
Table No . 3 S
Alfalfa Tops and Roots Spring Collection. !
V/eights and Percentages relate to water-free Stat e
.
Number
of
Sample
Date when
Sample
collected
...19QA
Age Part Pounds
of of per acre
Plants Crop Dry
Months Matter N
Percent of
P K
1
d
10
May 1-6
II 11
12
12
Tops
Roots 1"7"
2022
1370
2.98
2.40
.43
. 39
1.22
.94
Total 3390
26 June 15 13 Tops 5036 2.33 .23 1.19
II
5
6
May 1-6
II 11
12
12
Tops
Roots
Total
979
1255
2234
3.23
2.59
.21
.19
.80
.82
29 June 13 13 Tops 3400 2.57 .22 1.30
1
2
May 1-6
M tf
36
36
Tops
Roots 1"7"
Total
2340
4308
6648
2.97
2.43
.30
.24
.86
.70
h
20
21
May 1-6
H It
36
36
Tops
Roots 1"7"
Total
4919
4628
9547
2.39
1.99
.17
.12
11
.85
.68
Average of Spring
Collections
ft ti
Tops
Roots 1"7"
3116
2880
2.74
2.35
.26
,23
1.03
.78'

JL O «
X « DX S i\ O • 4 ^
Alfalfa
Weights and Percentages relate to water-free state.
Number Date when Age Part Pounds
of Sample of of per acre Percent of
Sample collected Plants Crop Dry
1904 Months Matter N P_ K
11 Nov. 2-10 i op S ± o^i / . 20 1.31
12 " »» 18 Roots 1"7" 3309 2.27
_._37_ .82
LU ij a.J. rrU O O
7 Nov. 2-10 ^ . OO .24
II
.80
8 n ti 18 Roots 1"7" 2508 2.11 ,._21. .75
Total 3873
3 Nov. 2-10 4? Tn'o«? 34? .71
4 It It 4-Prro Ronf c! 1 "7 " R7A1 2.73 .22 .61
Total 6083
31 Aug. 7-18 15 Tops 2760 2.12 .21 1.05
32 " " 15 Roots 1"7" 2172 1.94 .30 .91
Total 4932
33 Aug. 7-18 15 Roots 7"18" 363 1.49 .30 .91
Average of Fall
Collection Tops 1448 2.34 .20 .97
n ft Roots 1"7" 3442 2.26 .27 .77

10.
Table No.i
Alfalfa Tops and Roots Spring Collection.
Weights relate to the water-free state.
Number Date when Age Part Pounds
of Sample was of of per acre Pounds per acre
Sample collected Plants Crop Dry
1904 Months Matter N P K
d May 1-6 12 Tops 2022 60.26 8.69 24.67
10 " " 12 Roots 1"7" 1370 33_. 4_3 5.34 12.88
Total 3392 93.69 14.03 37.55
26 June 15 13 Tops 5036 117.30 11.58 59.94
I
5 May 1-6 12 Tops 979 31.62 2.05 7.83
6 " " 12 Roots 1"7"
__1_255 32.50 2.25 ..1.0.9.0.
Total 2234 64.12 4.30 18.73^
29 June 13 13 Tops 3400 87.40 7.48 44.20
1 May 1-5 36 Tops 2340 59.50 7.02 20.12
2 " " 36 Roots 1"7" 4308 104 *70. 10.34 30,16
Total 6648 174.20 17.36 50.28
20 May 1-6 36 Tops 4919 117.60 8.36 41.80
21 " " 36 Roots 1"7" 46.2.8. 9_2.10. .5.._5.5 31...4_6_
Total 9547 209.70 13.91 73.26
j
Average of Spring I
Collections Tops 3116 80.61 7.53 33.09
" " Roots 1"7" 2.880. 65.. 6.8 5 . 87. 21.35.
Total 5996 146.29 13.40 54.44
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II
Table No .2
Alfalfa Tops and Roots Fall Collection •
Weights relate to the water- free state •
Number Date when Age Part Pounds
of Sample of of per acre Pounds per acre
Sample collected Plants Crop Dry
1904 Months Matter N P K
11 Nov. 2-10 18 Tops 1327 34 11 2 65 17, 38
12 »f ti 18 Roots 1"7" 3309 74.79 12.24 27 .13
Total 4636 108 90 14 89 44.51
7 Nov. 2-10 Tops 1365 31 .18 3, 27 10, 92
8 M tf 18 Roots 1"7" 2508 52.90 5.27 18.81
Total 38"73 84.08" 8.54 29.73^
3 Nov. 2-10 42 Tops 342 8.00 .55 2.42
4 n ti 42 Roots 1"7" 5741 156.80 12.63 35.02
Total go's 3 154.80 13.18 37.44
31 Aug. 7-18 15 Tops 2760 58.65 5.81 29 .05
32 » ti 15 Roots 1"7" 2172 42.13 6.51 19 .76
Total 4932 100.78 12.32 48.81
33 Aug. 7-18 15 Roots 7 "18" 363 5.37 1.08 3.30
Average of Fall
collections Tops 1448 32.98 3.07 14, 34
n It Roots 1"7" 3442 81.65 8.16 25.18
Total 4890 114.63 11,23 40.12
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Table No. 5
Alfalfa Tops and Roots Spring Collection.
Nitrogen rated at 15, Phosphorus at 12, and Potassiiun at 6 cents per
pound. '
Weights relate to water-free state.
Number Date when Age Part Pounds
of Sample was of of per acre Money Value per Acre of
Sample collected Plants Crop Dry
1904 Months Matter N P K
9 May 1-6 12 Tops 2022 $9.40 i pi. 04 |l.48
10 " " 12 Roots 1"7 " 1370 5.01 .64 .77
Total 3390 14.41 1.68 2,25
26 June 15 13 Tops 5036 17.60 1.39 3.60
5 May 1-6 12 Tops 979 4.74 .25 ,47
6 " " 12 Roots 1"7 " 1255 4.88 .27 .66
Total 2234 9.62 .52 1.12
29 June 13 13 Tops 3400 13.10 .90 2.65
1 May 1-6 36 Tops 2340 10.43 .84 1.21
2 " " 36 Roots 1"7 " 4308 15.70 1.24 1.81
Total 6648 26.13 2.08 3.02
20 May 1-6 36 Tops 4919 17.62 1.00 2.51
21 " " 36 Roots 1"7 " 4628 13.81 .67 1.89
Total 9547 31.43 1,67 4.40
Average of Spring
!
Collections Tops 3116 12.09 .90 1.98
ft tt Roots 2880. 9.85 .70 1.28
Total 121.94 J^1.60 $3 .26
1
I
1

15.
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1
Table No. 6
Alfalfa Tops and Roots Fall Collection.
Nitrogen rated at 15, Phosphorus at 12, and Potassium at 6 cents per
pound.
weignts and Percentages relate to the water-free state.
\\
nuniDer vsize wnen Age Part Pounds
of Sample was of of per acre Money Value per Acre of
oampxe coxxecueQ Plants Crop Dry
Months Matter Iff P K i,
xJ. rlov.<i—10 18 Tops 1327 $ 5.12 % . 32 |l,04
12 " »' 18 Roots 1"7" 3309 1.47 1.63
Total 4636 16.34 1.79 2.67
/ Jn0V.<J-10 18 Tops 1365 4.67 .39 .66
8 " " 18 Roots 1»'7" 2508 n no .63 1.13
Total 3873 12.60 1.02 1.89
o N0V,<;-10 42 Tops 342 1.20 .07
1
.14
4 M tl 42 Roots 1"7" 5741 CO . 0<i 1.52 2.10
Total 6083 1.59 2.24
OJ. Aug. / —XO 15 Tops 2760 8.80 .70 1.74
OO If It 15 Roots 1"7" 2172 6.32 .78 1.19
Total 4932 15.12 1,48 2.93
33 Aug. 7-18 15 Roots 7"18»' 363 .81 .13 .19
Average of Fall
Collections Tops 1448 4.95 .37 .89
M tl Roots 1"7" 3442 12.25 1.10 1.51
Total 117.20 <fi>x . ** /
1

16.
Deductions from Alfalfa Data.
In reviewing the literature bearing upon the plant food of
alfalfa and red clover there were found over three hundred references
to work that had been conducted with reference to the plant food con-
tained in these two legumes. Of these references only a few bore
directly upon the subject as here treated. In our own country
Delaware has probably done the most work, but the number of samples
analyzed is very small.
In this thesis forty samples of alfalfa and red clover were
analyzed. It is well to note here that this number is as yet far too
.small to give absolute data, and the period of time over which the
experiment extended is not sufficient to eliminate the error due to
the variation in climatic conditions. For instance, no satisfactory
samples of red clover tops or roots could be secured in which the
clover had been seeded in the spring of 1902, due to the winter kill-
ing during the v/inter of 1903-1904.
The six samples of alfalfa tops shov^ an average yield of
3116 pounds per acre for the spring and an average of 1448 pounds for
the fall. This difference is in part explained by the fact that the
last crop of alfalfa had been cut only a few weeks before taking the
fall samples. But in either case it represents the amounts of these
Imaterials that would have been plov/ed under in the spring and fall
respectively, ie., more than twice as much in the spring.
The roots of alfalfa are a more stable quantity than the
{tops, as there are no marked differences due to crop removal by
harvest. Here we find the average yield per acre of four samples
collected in the spring to be 2880 pounds for the first seven inches
and 3442 pounds per acre for the four samples taken in the fall.

In other words, there will be 562 pounds more roots per acre if the
crop is plov/ed under in the fall of the same year.
The average weight per acre of the tops of alfalfa collected
in the spring is 3116 pounds while that of the roots taken at the
same time is 2880 pounds or 236 pounds in favor of the tops. It is
interesting to note that this relation is changed for the fall, the
average per acre being for tops 1448 pounds and for roots 3442 pounds.
This is in part explained by the crop removal several weeks before
taking the sample and in part as has already been shovm, by the fact
that there are considerably more roots in the same crop in the fall
than in the spring of the same year. Still if we compare the entire
crop tops and roots of the spring with the entire crop of the fall we
find that there is a balance of 1106 pounds in favor of the former.
This is due, as already stated, to the greater yield of tops in the
spring.
V/hen we consider the percentage composition we have a factor
that is more stable, and even if the number of samples collected for
analyses is not large the results should be fairly conclusive and
||
uniform in pointing out some very essential facts as will be noted
later.
|j
The tops of alfalfa show an average of 2.74^ of nitrogen for
the six samples collected in the spring and an average of 2.34^ for
the four samples of tops collected in the fall. This three tenths of
one percent would lead us to assume that alfalfa is higher in
ji
nitrogen during the early period of vigorous growth than at the end
of the season. Phosphorus and potassium both have a slightly lower
average percentage for fall than for spring collections. This dif-
Iference in both cases being but six hundreths of one per cent.
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The roots of alfalfa are, also, slightly higher in nitrogen
where the sample was collected in the spring than where collected in
the fall. The percentages of phosphorus and potassium in the roots
are so variable that we can not generalize upon the relations due to
spring and fall, neither is there difference enough in the average to
be of much consequence.
The tops taken in the spring shov/ a higher average
percentage of nitrogen, phosphorus, and potassium than do the roots
taken at the same time. This same relation holds true for tops and
roots taken in the fall with the exception of phosphorus which shows
an average of seven hundreths of one per cent higher in the roots
than in the tops of samples taken in the fall.
We have next for consideration the number of pounds of
nitrogen, phosphorus, and potassium contained in the tops and roots
of alfalfa at different stages of growth.
The results show that the tops contained more than tv/ice as
many pounds of nitrogen, phosphorus, and potassium where the samples
were taken in the spring than v/here taken in the fall. With the root
we get a reverse order. The difference, however, is not great, there
being an average per acre of 81.65 pounds of nitrogen, 8.16 pounds
of phosphorus, and 25.18 pounds of potassium in the roots of samples
taken in the fall; and an average per acre of 65.68 pounds of
nitrogen, 5,87 pounds of phosphorus, and 21.35 pounds of potassium in
the roots of samples taken in the spring.
There is also a marked difference in the amounts of these
elements contained in the tops and roots per acre at the same stage
of growth. Of the samples taken in the spring the tops of alfalfa
show a greater number of pounds of the three elements than do the
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roots. The tops giving an average per acre of 80.61 pounds of
nitrogen, 7«53 pounds of phosphorus, and 33.09 pounds of potassium
for the six samples collected, while the four samples of roots
jcollected at the same time contained 65.68 pounds of nitrogen, 5.87
pounds of phosphorus, and 21,35 pounds of potassium per acre.
Again, a reverse condition is found v/hen the samples were
collected in the fall. The roots then contain the greater number of
'pounds of the three elements. Four samples of tops collected in the
fall contained an average per acre of 32.98 pounds of nitrogen, 3.07
pounds of phosphorus, and 14.94 pounds of potassium. The average per
acre of four samples of roots taken at the same time contained 81.65
pounds of nitrogen, 8.16 pounds of phosphoriis, and 25.18 pounds of
potassium.
The value per acre of these elements depends upon what may-
be considered the market price of such elements. If we reckon on the
basis of what the element could be bought for in the market we would
rate nitrogen at 15, phosphorus at 12, and potassium, at 6 cents per
pound. However, where an inexhaus table supply of one of these
elements is contained in the air as in the case of nitrogen the cost
to the farmer will only be as much as is the cost of growing the crop
that will bring it into the soil.
In the following pages an endeavor has been made to shov; the
cost of getting nitrogen from the air and storing it in a portion of
the plant where it can be made use of by other crops not capable of
using atmospheric nitrogen.
The total average per acre of tops and roots of alfalfa
collected in the spring was 5996 pounds. The total average of tops
and roots fall collection Vv^as 4890 pounds. In the 5996 pounds spring
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collection there was contained 146.29 pounds of nitrogen, 13.40
pounds of phosphorus, and 54.44 pounds of potassium. The 4690 pounds
of fall collection yielded 114.63 pounds of nitrogen, 11.23 poimds of
phosphorus, and 40.12 pounds of potassium. In order to com.pare the
sum total of these unlike elements it will be necessary to bring them
to a commercial basis. Rating the three elements as is done in tables
No, 5 and 6 we get |26.80 for the value of the fertilizing ingre-
dients in the spring, and |21,07 for the fall.
j
An interesting fact is brought out due to the age of plants
of alfalfa. Two sets of samples at the age of twelve months yielded
1370 and 1255 pounds of dry-matter per acre respectively, for the
roots of the first seven inches, while two sets of samples in which
the plants had attained an age of thirty six months yielded 4308 and
4628 pounds respectively. This shows that the older the plants, at
any rate up to three years, the greater will be the yield of roots.

21.
In the following pages is given data on red clover resulting
from the samples collected and their chemical analyses.

1
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I!
Table No. ^ n
Red Clover Tops and Roots Spring Collection.
Weights and Percentages relate to the water-free state.
Number Date when Age Part Pounds
of Sample v/as of of per acre Percent of
Sample collected Plants Crop Dry
1904 Months Matter N P K
—
-
24 May 1-6 12 Tops 727 3, 25 . 29 1.29
25 It n 12 Roots 1"7" 696 2.60 .21 1.21
Total 1423
22 May 1-6 12 Tops 781 3, 23 .42 ,83
23 « M 12 Roots 1"7" 793 2.41 .44 1,36
Total 1574
45 June 25 13 Tops 7812 2.68 .27 1.04
13 May 1-6 12 Tops 1493 3.41 . 33 1 ,18
14 n ti 12 Roots 1"7" 1295 2.81 . 33 ,99
Total 2788
30 June 26 13 Tops 3503 2.74 .25
(
.94
18 May 1-6 12 Tops 2560 3.03 . 27
II
,80
19 It M 12 Roots 1"7" 1103 2.90 .30 .85
Total 3663
li
28 June 20 13 Tops 5013 2.17 .22 1.23
Average of Spring
Collections Tops 3127 2.9a .29 1.04
n It Roots 1"7" 972 2. 68 .32 1.10
lota± 4uy y

25,
Table No. 10
Red Clover Tops and Roots Fall Collection. !!
Weights and Percentages relate to the water-free state.
Number Date when Age Part Pounds
of Sample was of of per acre Percent of
Sample collected Plants Crop Dry '
1904 Months Matter N K
44 Sept .10 16 Tops 7834 2.45 .31 1.02
43 NOV. 2-10 6 Tops 5650 2.33 .31 1,02
47 tt H 6 Roots 1"7" 1418 :_2..jB7 .27 .84
Total 7068
16 Nov. 2-10 6 Tops 3325 2, 27 . 22 .76
17 ft It 6 Roots 1"7" 1013 2.55 .40 .83
Total 4338
42 Oct. 1-10 17 Tops 4709 2.14 .18 1.12^^
34 Aug. 7-18 15 Tops 2680 2.47 .21 .25
35 » 11 15 Roots 1"7" 918 1.73
_-i20 .97
Total 3598
36 Aug. 7-18 15 Roots 7 "18" 93 1.81 .17 .84
15 Nov. 2-10 18 Roots 1"7" 1919 2.40 .30 .78
Average of Fall
Collections Tops 4839 2.33 .24 .98
It Roots 1"7" 1317 2.26 .29 ,85
Total 6156
I
j

.22.
11
Table No. 7
Red C lover Tops and Roots Sprins Collection
Weights relate to the water-free state.
Number Date when Age Part Pounds
of Sample was of of per acre Pounds per Acre
Sampl
e
collec ted Plants Crop Dry
1904 Months Matter N P K
24 May 1-6 12 Tops 727 23 63 2 3 9.38
25 tt H 12 Roots 1"7" 696 _18..10 _1.4_6 8.42
Total 1423 41 73 3 56 17.80
22 May 1-6 12 Tops 781 3 ?R 6.48
23 n n 12 Roots 1"7" 793 19.10 3.49 10.59
Total 1574 44.33 6.77 17,07
45 June 25 13 Tops 7812 81.24
13 May 1-6 12 Tops 1493 4 Q2 17.62
14 ft tt 12 Roots 1"7" 1295 35.26 4.27 12.82
Total 2788 86.17 9.19 30.44
30 June 26 13 Tons 3503 96.00 8,75 32,93
18 May 1-6 12 Tops 2560 77.56 6.91 20.48
19 tt It 19 Roots 1"7" 1103 32.21 3.31 9.37
Total 3663 109.77 10.22 29,85
28 June 20 13 Tops 5013 108.80 11.01 61.66
1
Average of Spring
1
Collections Tops 3127 84.50 8.29 32.82
n tt Roots 1"7" 972 26.17 3.13 10.30
Total 4099 110.67 11.42 43.12
!

P3
Tahl e» Nn
Red Clover Tops and Roots Fall Collection,
Weights relate to the water -free state j
Number Date when Age Part Pounds
of Sample v/as of of per acre Pounds per Acre i
Sample collected Plants Crop Dry ii
_1904. Months Matter "NT p K |i
44 Sept .10 16 Tops 7834 JL VJ. . O O 29.90
-
43 Nov. 2-10 6 Tops 5650 16 3? 53.70
47 tt ti 6 Roots 1"7" 1^18 33.60 3.82 11.91
Total ~7068 165 30 20 1 4 65.61
jj
16 Nov. 2-10 6 Tops 3325 75 48 7 31 25 . 27
17 It ti 6 Roots 1"7'* 1013 25.83 4.05 8.40
Total 4338" 101 . 31 11.36 33.67
42 Oct. 1-10 17 Tops 4709 100.80 8.47 52.70
i
34 Aug. 7-18 15 Tods 2680 5 63 6.86
35 It ti 15 Roots 1"7" 918 1 5 88 1 84 8.90
Total 3598 R9 Oft 7 4-7 15.76
36 Aug. 7-18 15 Roots 7'»18" 93 1.68 .16 .78
15 Nov. 2-10 18 Roots 1"7" 1919 46.06 5.76 14.97
Average of Fall
Collections Tops 4839 113.20 12.40 43.68
n tt Roots 1"7" 1317 30.34 3.87 11.04
Total 6156 143.54 16.27 54.72
j
1
1
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Table No. 11
Red Clover Tops and Roots Spring Collection.
Nitrogen is rated at 15, Phosphoriis at 12, and Potassium at 6 cents
per pound.
Weights relate to water-free state.
Number Date v/hen Age Part Pounds
of Sample was of of per acre Money Value per Acre
Sample collected Plants Crop Dry
1904 Months Matter N P
24
25
May 1-6
ti II
12
12
Tops
Roots 1"7"
727
696
$3.54
2.72
$ .25
.18
$ .56
.51
Total 1423 6.26 .43 1,07
22
23
May 1-6
II n
12
12
Tojis
Roots 1"7"
781
793
3.78
2.87
,.39
.41
.39
.65
Total 1574 6.65 .80 1.04
1
45 June 25 12 Tops 7812 31.41 2.53 4.87
13
14
May 1-6
It n
12
12
Tops
Roots 1"7"
1493
1295
7.62
5.44
.59
.51
1,06
.77
Total 2788 13.06 1.10 1.83
30 June 26 13 Tops 3503 14.40 1.05 1.98
18
19
May 1-6
fi If
12
12
Tops
Roots 1"7"
2560
1103
11.63
4.83
.83
.40
1.23
.56
Total 3663 16.46 1,23 1.79
28 June 20 13 Tops 5013 16.32 1.32 3.66
Average of Spring
Collections
ti II
Tops
Roots 1"7"
3127
972
12.67
3.96
.99
.38
1.96
.62
Total 4099 He. 63 $1.37 $2.58

27.
Table No. 12
Red Clover Tops and Root s Fall Collection.
Nitrogen is rated at 15, Phosphorus at 12, and Potassium at 6 cents
per pound.
Weights relate to water- free state.
Number Date when Age Part Pounds
of Sample was of of per acre Money Value per Acre of
Sample collected Plants. Crop Dry
1904 Months Matter N P K
44 Sept .10 16 Tops 7834 |29.77 |2.91 $4.79
1,
43 Nov. 2-10 6 Tops 5650 19.75 1.96 3.22
47 6 Roots 1"7" 1418 5.04 .42 .71.
Total 7068 24. 79 2. 38 3.93
16 Nov. 2-10 6 Tops 3325 11,33 .87 1.52
17 It fi 6 Roots 1"7" 1013 3.87 .49 .50
Total 4338 15. 20 1. 36 2.02
42 Oct .1-10 17 Tops 4709 15.10 1.02
!
3.16
1
34 Aug. 7-18 15 Tops 2680 9.98 .68 .41
35 15 Roots 1"7" 918 2. 38 . 22 .59
Total 3598 12.33r .90 .90
36 Aug. 7-18 15 Roots 7 "18" 93 .25 .02 .05
15 Nov. 2-10 18 Roots 1"7" 1919 6.91 .69 .90
Average of Fall
Collections Tops 4839 17.17 1.48 2.61
II Roots 1"7" 1317 4- . OO . 4-0 .68
Total 6156 $21.72 fl.93 |3.29
j

28.
Deductions from Red Clover Data
It is of interest to note at the beginning that a sameness
is true in the stable factors of both alfalfa and red clover. Red
clover differs from alfalfa in that no such reverse conditions exist
betv/een the amounts per acre of tops and roots obtained in the spring
and those obtained in the fall. The explanation for this is found in
the fact that the second crop of clover was not cut as near the time
of taking the samples as was the last crop of alfalfa. It will be
well to state here, also, that two samples taken represent abnormal
yields. These are Nos, 45 and 44 taken in the spring and fall
respectively from the same field in Rock Island County. The crop of
red clover was extremely heavy and the yield given in the data are
correct, but it must be remembered that such yields are seldom ob-
tained. On the other hand, there are samples of tops which are far
below what can be grown under normal conditions and proper care.
This being true, the average results are coraparitively reliable.
The seven samples of red clover tops taken in the spring
gave an average yield of 3127 pounds. Five samples taken in the fall
produced an average yield of 4839 pounds. This gives a difference of
1712 pounds in favor of the fall crop of tops.
In comparing the roots taken in the spring v/ith those taken
in the fall we find that four samples taken in the spring yielded an
average per acre of 972 pounds, and four samples taken in the fall
yielded an average of 1317 pounds. Again we have an average dif-
ference in favor of the fall crop of 345 pounds per acre.
The average percent of nitrogen, phosphorus, and potassium
is higher in the samples taken in the spring than in those taken in
the fall. The seven samples taken in the spring gave an average of
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2,93% for nitrogen .29% for phosphorus 1,04:% for potassium, while the
average of five samples taken in the fall gave 2.33^ for nitrogen,
,24% for phosphorus, and ,98% for potassium. This would indicate
that the content of these elements is greater in the spring than in
the fall.
The percentage is a more or less stable factor from which
general calculations can be made upon these crops, if we have the
yield upon the basis of water free material.
We now turn to the more practical, but less stable, feature
of this subject that is, the average amounts of the three elements
contained in crops from one acre. For the seven samples of tops
taken in the spring we get an average per acre of 84.50 pounds of
nitrogen, 3.29 pounds of phosphorus, and 32.82 pounds of potassium.
The five samples taken in the fall give an average per acre of 113.20
pounds of nitrogen, 12,40 pounds of phosphorus, and 43.68 pounds of
potassium, there being considerably more in each case where the
samples were taken in the fall.
The roots of red clover taken in the spring and fall show
the same relative differences as do the tops regarding the number of
pounds of nitrogen, phosphorus, and potassium. The average per acre
of four samples taken in the spring gave 26,17 pounds of nitrogen,
3.13 pounds of phosphorus, and 10,30 pounds of potassium. Four
samples of roots taken in the fall gave an average per acre of 30,34
pounds of nitrogen, 3,87 pounds of phosphorus, and 11,04 pounds of
potassium.
The yield of the tops being much greater than the yield of
roots taken at the same stage of growth, we will expect to find the
same relative difference in the pounds of nitrogen, phosphorus, and

potassium. Seven samiDles of tops, spring collection, gave an average
per acre of 84.50 pounds of nitrogen, 8,29 pounds of phosphorus, and
,32.82 pounds of potassium. Four samples of roots collected at the
same time gave an average per acre of 26,17 pounds of nitrogen, 3,13
pounds of phosphorus, and 10.30 pounds of potassium. ^
The same relative difference is found in the fall collections
of red clover tops and roots. Five samples of tops gave an average
per acre of 113.20 pounds of nitrogen, 12.40 pounds of phosphorus,
and 43.68 pounds of potassium. Four samples of roots collected at
the same time gave an average per acre of 30.34 pounds of nitrogen,
3,87 pounds of phosphorus, and 11,04 pounds of potassium.
il
The tops and roots of red clover spring collection gave a
total average yield of 4099 pounds per acre of dry-matter, while the
fall collection gave 6156 pounds. In the 4099 pounds of dry-matter
there was 110,67 pounds of nitrogen, 11,42 pounds of phosphorus, and
43.12 pounds of potassium. The samples taken in the fall gave for
the 6156 pounds of dry-matter 143.54 pounds of nitrogen, 16.27 pounds
of phosphorus, and 54.72 pounds of potassiiim. Taking these elements
at the commercial rating used in table No. 11 and 12 we get $20,58
for the spring collections, and $26.94 for the fall collections.

31.
General Considerations,
Although the period of time through which this experiment
has been conducted has "been short and the number of samples analyzed
small considering what is necessary for absolute facts some valuable
data has been secured. The relation between the chemical composition
of the tops and the roots of the first seven inches has been shown
both for alfalfa and red clover. The percentage composition of the
three elements based upon the water-free-state will serve as a basis
for other computations. We can estimate the cost of nitrogen to the
farmer very closely, knowing that the only expense necessary is that
for seed which can be sown at the same time as the oats or other
grain crop used in the rotation of crops.
Assuming that it costs |l.25 to seed an acre of red clover,
we can readily get a basis for computing the cost of nitrogen per
pound, providing we do not consider the other elements. The average
amount of nitrogen per acre produced by tops and roots of eight
samples, in which the plants had been sown approximately one year is
70.5 pounds. This will make the cost of this element 1.77 cents per
pound. But it is not nitrogen alone that is brought into the soil or
near its surface. Some phosphorus and potassium from lower layers is
brought to the surface or near it, where succeeding crops can make
-|use of it. There is no means of exactly determining the value of
these last tv/o elements or their amounts. Still we have not yet
reached the full benefit to succeeding crops by computing the com-
mercial value of these elements contained in the crop. Chemical and
biological changes caused by the decomposition of the tops and roots
cause other plant food to become more valuable. There is also set up
a physical condition of the soil essential to the best crop

32.
production.
Of the total roots of alfalfa contained in the first
•eighteen inches only 14.3^ is contained between the depths of 7 and
18 inches. In case of red clover this percentage is still less,
there being only 9.1%, This shows that the bulk of roots is near the
surface, i.e., within the first seven inches, but it is not to be
forgotten that the roots of deeper layers, although small in size and
insignificant in weight, are really of great importance as they serve
to bring moisture and food from the deeper layers of soil.
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